Part I Thickness Estimation
The thickness of graphene specimens was obtained using the well-known plasmon peaks in the low-loss region of EELS. Spectra were taken from the two areas shown in the Fig.   S1 , one representing the substrate and the other from the strip on the substrate. The bulk plasmon-loss intensity at ∼27 eV follows a Poisson distribution for scattering and therefore its intensity can be used to calculate the thickness. However, for graphene-type thicknesses, the contribution from the surface plasmon at ∼18 eV becomes significant as seen in the spectrum in the top-right panel. Using the "thickness-over-lambda" (or logratio) method (1), together with the mean-free-path of bulk plasmon, results in significant errors. Consequently, we adopted a comparison technique: we measured the surface-to-bulk plasmon intensity ratio of the top-right spectrum and compared to the published results in the literature for graphene and graphite. By employing annular dark field imaging it is possible to count the graphene layers directly from the dark field images. Simultaneously acquired low-loss EEL spectra from such layers are reported in Ref. 2. After a direct comparison with these published results, we conclude that the surface-to-bulk plasmon ratio of our spectrum from the substrate (top-right) corresponds to 4-5 atomic layers. To get the total thickness of the strip we then used the bulk plasmon intensities and scaled the thickness of the substrate. This resulted in 16-20 layers of total thickness for the strip/substrate.
With the known value of 0.335 nm for the layer-thickness of graphite, these thickness values correspond to 1.34-1.68 nm for the substrate and 3.69-5.03 nm for the step height.
Part II Theory and computation: PINEM of atomic-layered strips
S1. INTRODUCTORY NOTES
In order to obtain theoretical expressions for PINEM we must first consider the light waves scattered by the nano-object and then proceed to evaluate their interactions with ultrafast electrons (3). An analytical solution for light scattering by a sphere or a cylinder of any size is well known as the Mie solution (4, 5). However, solving for light scattering by an arbitrary shape is a formidable task. Even an ellipsoid is still a challenge, and analytical solutions are known only for special cases, such as prolate and oblate ellipsoids (6) . The particular case of an elliptical cylinder, where a x = a z and a y = ∞, is very interesting because of its possible relation to a nano-strip.
For a very small sphere, Rayleigh approximation shows agreement with experimental observations. Although ellipsoidal particles have been treated using the Rayleigh approximation (7) , to the best of our knowledge, a Rayleigh solution does not exist for an infinite cylinder or strip. In a previous publication (3), we derived the near field component of scattered light by a thin wire, similar to that of a small sphere, and evaluated the field integral, which describes the degree of electron-photon interaction in PINEM (8) (9) (10) . Here, we derive the near field component for a thin strip, in order to evaluate the field integral, when the thickness reaches the scale of one or a few atomic layers (see Fig. S2 ).
S2. THEORETICAL
Let us assume that the incident light is given bỹ
where k p is the spatial frequency (momentum) and w p is the angular frequency (energy).
When the dimension of a uniform dielectric particle at z = 0 is much smaller (in the direction of the light propagation) than the wavelength of incident light, we can take the external field to be uniform across the particle, but time-varying. Then the light induces an electric polarization inside the particle, the magnitude of which depends on the dielectric constant and the geometry of the particle.
A. Ellipsoid polarizability
The field inside an ellipsoid under a uniform external field, E 0 , is
for j = x, y, z. The dielectric constant of the material is and the geometry factor (11) is given by
where a j are the semiaxes. The polarization is then simply
For a sphere, a x = a y = a z , and Eq.
[S3] becomes G j = 1/3, 1/3, 1/3. For a (circular)
cylinder, a x = a z and a y = ∞, and it becomes G j = 1/2, 0, 1/2. For an elliptical cylinder, a x = a z and a y = ∞, and Eq.
[S3] becomes
Substition in Eq.
[S2] yields:
B. Small elliptical cylinder
In a previous paper (3), we showed that the near field z-component of the scattered light for a (circular) cylinder is given by
where r = √ x 2 + z 2 . Note that here we redefine the cylindrical susceptibility as
different from the previous definition. The field integral is then given by
where ∆k e = 4 [S14]
[S15]
where
[S16]
C. Thin strip
For an infinitely long, thin strip with width w and thickness h, we will apply an approach similar to that used in discrete dipole approximation (DDA) (12) (13) (14) . First, we ignore any edge effect in the strip, and assume that the electric field inside it is uniform and similar to that of an elliptical cylinder, Eq.
[S8], i. e.,
such that its susceptibility is
where a subscript (b) designates the strip. We stress that Eq.
[S17] is an approximation, since the electric field inside a rectangular strip is not uniform in reality. Then we divide the strip into infinitesimally small wires which exert scattered fields by Eq.
[S11]. The total field is evaluated by integration to give:
[S19]
Eq.
[S19] diverges at the edges because the field at sharp edges would mathematically diverge, but in reality, the object is made of atoms, and should not diverge. We may add a smoothing function to avoid the singularity.
When h |z| or |z|h (x ± w/2) 2 , Eq.
[S19] becomes
[S20] is in the form of the near field due to charge densities of opposite signs on each strip edge (line dipole), and can be integrated to yield:
Note that Eq.
[S20] is still singular at z = 0, but Eq. [S21] is not, because the field integral is insensitive to the field around z = 0 (see below). The above expression contains contributions from the right and the left end of the strip. When the width becomes very large, the field inside becomes equal in magnitude to the incident light, and one side is too far to affect the other. However, when the width is small, one cancels the other and the peak is reduced. For a small w (w √ x 2 + z 2 and w ∆k [S22]
which are equivalent to Eqs.
[S14] and [S15], but with the dependence on the cross sectional area of wh instead of πa x a z .
The analytical results thus indicate that, as for a sphere where the field integral (F z ) depends on cross section πa 2 , where a is the radius of the sphere, for a strip PINEM also scales with the cross section. However, while πa 2 becomes vanishingly small for an atomicscale sphere, the cross section wh may remain significant for atomic-scale h when w h.
This is the fundamental reason that the PINEM signal for atomic layered structures does not vanish.
S3. COMPUTATIONAL
In order to validate the approximations made in the previous section, we compare the analytical results with those of numerical simulations. We can utilize DDA to calculate the polarization inside the material. DDA is a well-established finite element analysis used for solving the light scattering problem for particles. Being a numerical method, DDA provides the optical properties associated with a target of arbitrary geometry, whose dimensions are comparable to or moderately larger than the incident wavelength. In DDA, the object is divided into many smaller elements on a cubic lattice, and the interaction of the incident light and the elements is solved, and then the scattering by the object is expressed by summation of contributions from each element.
A. 3D DDA OpenDDA (15) was used for 3D DDA calculation for the initial investigation (not shown here). 3D DDA calculation imposes a challege for simulation of infinite cylinders and strips, because the dimension of the simulated object in terms of the number of grid points is always restricted by limits in memory and computation time. In practice, we observe that the simulations converge to the results for an infinitely long object when the length is an order of magnitude larger than the cross sectional dimensions. 3D DDA with a long y dimension was used to validate 2D DDA calculations (see below).
B. 2D DDA
In order to efficiently simulate elliptical cylinders and strips which are infinitely long in their y directions, we developed a formalism of DDA in 2D, and used the GNU Octave (16) script to calculate light scattering by 2D mesh points. Each grid point in x, z space represents a thin wire, which is excited by the total field (incident + induced) and emitts radiation.
The radiation is calculated by the Mie formalism (5) since the Rayleigh approximation does not exist for a cylindrical object.
S4. RESULTS
A. Small elliptical cylinders 
With sin ∆kz ≈ 0 for |z| ≈ 0. E z at |z| ≈ 0 does not contribute prominently to F z ; rather, the inverse z dependence of E z relative to sin ∆k e z makes the integrand equally significant over a z range from ∼0 to ∼100 nm. We refer to this region as the distant field. polarization enhancement by the aspect ratio of the geometry.
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